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Abstract 
This project aims to determine if methane (CH4) injection is more effective and 
economical than carbon dioxide (CO2) injection in a conventional dolomite reservoir by using 
the East Vacuum Grayburg-San Andres Unit (EVGSAU), Lea County, New Mexico as a model. 
This was done by simulating a CH4 and CO2 injection system and estimating the economics for 
each. CH4 injection has not been done at the EVGSAU, however CO2 has been used as a method 
of enhanced oil recovery.  
The EVGSAU is located on the eastern side of the Vacuum Field, approximately 15 
miles northwest of Hobbs in Lea County, New Mexico. The EVGSAU has produced over 126 
million STB (42% OOIP) and nearly one-half of this production is because of Waterflood and 
CO2 injection (Harpole and Hallenbeck, 1996). This project used Eclipse 300 reservoir 
simulation software. The results were based on the simulation of three different cases: a base 
case, a CH4 case, and a CO2 case.   
Reservoir data from the EVGSAU was used to build the static model, then a reservoir 
simulation of the three cases was run to determine which gas injection will result in enhanced oil 
production economically. The project economics were analyzed at a discount rate of 10% and 
evaluated at oil prices of $40/bbl, $50/bbl, and $60/bbl.  
 In the base case, two production wells P2 and I1 were produced without any gas 
injection. The CH4 case introduced the gas injection after two years of production in well I1, and 
injected a total of about 377,000 MSCF of CH4 at a cost of $4.00 per MCF. The CO2 case 
injected a total of about 387,000 MSCF of CO2 at a cost of $1.58 per MCF using the same 
injection/production schedule.  
iii 
 The CH4 case showed promise despite the higher cost per MCF and showed a higher 
increase in oil production to about 953,000 STB when compared to the 779,000 STB for the CO2 
case, at a range of oil prices. 
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Glossary of Terms  
Term Definition 
CH4 
CO2 
Methane 
Carbon Dioxide 
ºAPI Oil gravity in API units 
API American Petroleum Institute 
ºF Fahrenheit 
cp Centipoise 
BOPD Barrels of Oil Per Day 
MCF Thousand Cubic Feet 
bbls Barrels 
STB Stock Tank Barrel 
SCF Standard Cubic Feet 
MMSTB Million Stock Tank Barrels 
MSCF Thousand Standard Cubic Feet 
FVF Formation Volume Factor 
GOR Gas Oil Ratio 
MMCFPD Million Cubic Feet Per Day 
TCF Trillion Cubic Feet  
WAG Water Alternating Gas 
BCF Billion Cubic Feet 
HCPV Hydrocarbon Pore Volume 
MMBO Million Barrels of Oil 
OOIP Original Oil In Place 
PSIG Pounds/Square Inch Gauge 
NMOCD New Mexico Oil Conservation Division 
TZ/ROZ  Transition Zones/Residual Oil Zones  
EVGSAU East Vacuum Grayburg-San Andres Unit 
EOR Enhanced Oil Recovery 
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1. Introduction  
The objective of this project is to determine whether methane (CH4) injection on oil 
recovery is as or more effective than carbon dioxide (CO2) injection in conventional dolomite 
reservoirs such as the East Vacuum Grayburg-San Andres Unit (EVGSAU). This was done by 
using a simulated CH4 and CO2 injection system based on the reservoir parameters and 
production history from the EVGSAU. The results were evaluated to see if the injections were 
economically viable. 
The EVGSAU constitutes the eastern portion of the Vacuum Field, located roughly 15 
miles northwest of Hobbs, New Mexico. A map of New Mexico, showing various districts with 
Hobbs highlighted is shown in Figure 1. 
 
Figure 1: New Mexico Oil Conservation District Map Showing Hobbs (Scale: 100 miles = 1 inch). 
  
(Source: www.emnrd.state.nm.us/OCD/about.html). 
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2. EVGSAU History and Geology 
2.1. Location Information, Maps, Timeline, etc. 
The EVGSAU is located on the eastern side of the Vacuum Field, which occurs on the 
western margin of the Central Basin Platform at the northern end of the Delaware Basin as 
shown in Figure 2. The Permian Basin is subdivided into the Delaware Basin to the west and the 
Midland Basin to the east by the Central Basin Platform, a linear, North by Northwest-trending 
region of shallow marine carbonate sedimentation as shown in Figure 2.  The Northwestern Shelf 
margin trends in an east-west direction, and contains shallow marine sedimentation grading 
northward across the shelf into shallow-water, peritidal deposition (Siemers et al., 1996). 
 
  
Figure 2: Field Location Map Showing the Regional Paleographic Character of the Permian Basin Area of 
West Texas and Southeastern New Mexico (Siemers et al., 1996). 
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2.2. Brief History of the Vacuum Grayburg-San Andres Unit 
The Vacuum Field was discovered in 1929 by Socony Vacuum Oil Company’s Bridges 
State Well No. 1. Primary development of the field began 10 years later and was completed by 
1941 with the drilling of 330 producing wells. Water injection began in the field with Mobil’s 
Bridges State lease in 1958. Texaco followed with the West Vacuum Unit in 1966 and the 
Vacuum Grayburg-San Andres Unit in 1973. ARCO unitized the State Vacuum Unit in 1977 and 
Texaco began water injection into the Central Vacuum Unit the following year (Brownlee and 
Sugg, 1987). Figure 25 in Appendix B shows the EVGSAU field development timeline. Table 1 
below, shows the summary of these operations.  
 
Table 1: EVGSAU Summary of Operations (Brownlee and Sugg, 1987). 
Oil Companies Facts & Figures 
Socony Vacuum Oil Company’s Bridges State 
Well No. 1 
The Vacuum Field was discovered in 1929. 
Primary development of the field began 10 years 
later and was completed by 1941 with the drilling of 
330 producing wells. 
Mobil’s Bridges State Lease Water injection began in the field in 1958. 
Texaco Oil Company Water injection commenced in the Vacuum Unit in 
1966 and the Vacuum Grayburg-San Andres Unit in 
1973. 
Water injection began in the Central Vacuum Unit in 
1978. 
ARCO Oil Company Unitized the State Vacuum Unit in 1977. 
 
 On December 1, 1978, 7,025 acres of the Vacuum Field were unitized into the East 
Vacuum Grayburg-San Andres Unit. At that time, there were 169 wells producing approximately 
4,000 BOPD on 40-acre spacings. An Engineering-Geological report recommended infill drilling 
on 20-acre spacing, based on the expected recovery of an additional 3.9% of the 296 million 
barrels of original oil in place (OOIP) (see Table 2) (Brownlee and Sugg, 1987). 
 In 1979 drilling began on 159 infill wells, including 10 injectors. Drilling was completed 
late in 1982. There were over 50 individual tank batteries on the unit in 1978, but these were 
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consolidated into a central tank battery and six satellite testing batteries. The locations of these 
facilities are shown in Figure 4. 
The EVGSAU has been under waterflood operations since 1979. Alternating water and 
CO2 injection (WAG injection) commenced in 1986. An interdisciplinary reservoir study was 
initiated in 1994 to integrate the unit’s geological character and reservoir performance in order to 
optimize the CO2/waterflood (Siemers et al., 1996). This study was used to help develop the 
reservoir simulation static model. 
 The Engineering-Geological Committee recognized that the San Andres formation had a 
high fluid transmissibility, so they considered not only the five-spot injection pattern typical of 
the field’s development, but also an inverted nine-spot to make more productive use of available 
wellbores and to yield a higher producer to injector ratio (Brownlee and Sugg, 1987). Figure 3 
shows the various flooding (injection/production) patterns, which describes the five-spot and 
inverted nine-spot injection patterns mentioned in the literature. In this project the inverted five-
spot pattern is used. In this pattern, the ratio of the injection wells to the producer wells is one to 
one. 
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 Figure 3: Schematic Top View of the Flooding Patterns 
(Source: www.sciencedirect.com/science/article/pii/S0360544213008645). 
Because of the difference in rock quality across the unit, one single pattern was not 
chosen. In the area that is geographically enclosed by the CO2 project area, the reservoir’s net 
pay quality is high and the inverted nine spot was being used. In the remaining area north of the 
CO2 project area, the fluid transmissibility is not as high, so a five-spot was put in place. 
(Brownlee and Sugg, 1987) 
CO2 injection was first used at the EVGSAU in the form of a Water Alternating Gas 
(WAG) in September, 1985. The designated CO2 project area at the EVGSAU covered about 
5,000-acres (about 70% of the total Unit area) and contained an estimated 260 MMSTB OOIP 
out of the nearly 300 MMSTB OOIP estimated for the total unit. This initial CO2 project 
development consisted of forty-five (45), 80-acre WAG injection patterns, divided into three 
operational areas. These three areas, designated as A, B, and C in Figure 4, were selected to have 
approximately equal floodable pore volume and injection capacity (Harpole and Hallenbeck, 
1996). 
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Figure 4: PHILLIPS EVGSAU WAG Area and Permits (Harpole and Hallenbeck, 1996). 
 
The original project design called for the injection of a total volume of 230 BCF of CO2 
(i.e. 30% HCPV) into the project area using a fixed 2:1-time WAG. Under this original operating 
strategy, only one of the three WAG areas would be on CO2 injection at any given time, while 
the other two WAG areas were on water injection. Each WAG area would receive four months 
of CO2 injection, followed by eight months on water injection. This CO2 flood oil recovery was 
originally forecast to be about 8% OOIP above the estimated ultimate primary plus waterflood 
recovery of 40% OOIP in the CO2 project area (Harpole and Hallenbeck, 1996). To better 
compare to a CH4 flood, the modeled CO2 flood in this project was done without the alternating 
water cycles used in the field. 
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2.3. EVGSAU Reservoir Geology 
The unitized stratigraphic interval consists of two formations; the Grayburg and the San 
Andres. The Upper San Andres section, which is separated from the Lower San Andres section 
by a siliciclastic unit known as the Lovington Member, is the major production interval and is 
currently receiving water and CO2 injection (see Figure 5 below). 
 Figure 5: Cross Section of the EVGSAU Producing Formations (Moffitt et al., 2015). 
Over much of the unit area, the reservoir section is subdivided into a Lower and an Upper 
San Andres section. The Lovington Member is typically 40-50 feet thick over much of the 
northern and central portions of the field; however, it thins and eventually pinches out to the 
south (Harpole and Hallenbeck, 1996). The red-boxed section in the Upper San Andres shows 
the focus area, much of the properties used to build the model was derived from that area. 
The high-quality reservoir section modeled in this project  is strongly associated with the 
subtidal grain-rich packstone-grainstone lithofacies, which is dominated by a solution enhanced 
8 
intercrystalline/intergranular/grain-molidic pore network. The complex interaction between the 
original depositional fabrics of the rocks and subsequent diagenetic processes produces rapid 
variations in reservoir quality both laterally and vertically (Harpole and Hallenbeck, 1996). 
The reservoir depths range from 1,600 feet in western Eddy County to more than 4,000 
feet along the New Mexico – Texas border. The San Andres structure has an original water-oil 
contact of approximately 700 feet subsea (Broadhead and Speer, 1993).  
2.4. EVGSAU Production History 
The 178 reservoirs in the San Andres and Grayburg play area have produced 1,227 
MMBO and 1,276 BCF gas. Most of the reservoirs produce oil and associated gas by solution-
gas drive, but water drive is the dominant producing mechanism in some reservoirs.  
The EVGSAU had produced over 126 million STB (42% OOIP) through 1996, and 
nearly one-half of this production had come since unitization. A significant tertiary CO2 project 
oil production response was being observed, as shown in Figure 7. This CO2 project oil response 
includes contributions from later infill drilling programs. (Harpole and Hallenbeck, 1996). Table 
9 in Appendix A shows the EVGSAU production summary. 
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Figure 6: EVGSAU Oil Performance Since Unitization (Harpole and Hallenbeck, 1996).
 
 The cumulative oil production is greater than 165 million STB (55% OOIP) in the main 
pay of the CO2 WAG area. The tertiary oil recovery due to CO2 flooding, accounts for 37.5 
million STB (12.5% OOIP) in the unit overall (Moffitt et al., 2015).  
 Two wells in the EVGSAU were modeled in the simulation. For these wells, termed in 
the simulation P2 (Producer Well 2: API 30-025-26227) and I1 (Injector Well 1: API 30-025-
08546), the production and injection data were obtained from the New Mexico Oil Conservation 
Division (NMOCD). Well P2 shows a declining oil production trend from 1993 to 1994. Figure 
8 shows the early oil production rate for well P2 during those two years. 
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Figure 7: EVGSAU Early Production of Producer Well P2  
(https://wwwapps.emnrd.state.nm.us/ocd/ocdpermitting/Data/WellDetails.aspx?api=30-025-26227). 
Similarly, the actual early oil production summary report from NMOCD for the injector 
well I1 shows a declining oil production trend.  Figure 9 gives the production data for this well 
from January 1993 to December 1994. The two peaks generated at 152 days (110 STB/day) and 
at 365 days (70 STB/day) was due to the start of adverse decline and production turnaround (see 
Figure 7) in January 1993. 
 
11 
 
Figure 8: EVGSAU Early Production of Injector Well I1. 
(https://wwwapps.emnrd.state.nm.us/ocd/ocdpermitting/Data/WellDetails.aspx?api=30-025-08546). 
Figure 10 shows the CO2 injection history at EVGSAU (Harpole and Hallenbeck, 1996). 
12 
 Figure 9: EVGSAU CO2 Injection History (Harpole and Hallenbeck, 1996). 
 
 In the EVGSAU, well I1 (Injector Well I1: API 30-025-08546) was actually used to 
inject CO2 into the reservoir from January 1, 2004. Figure 10 shows the CO2 injection rate versus 
time for the injector well I1.  
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Figure 10: EVGSAU Injector Well I1 CO2 Injection 
(https://wwwapps.emnrd.state.nm.us/ocd/ocdpermitting/Data/WellDetails.aspx?api=30-025-08546). 
2.5. EVGSAU Reservoir and Fluid Parameters 
Table 2 presents a summary of the EVGSAU average reservoir rock and fluid 
characteristics. 
Table 2: EVGSAU Reservoir and Fluid Characteristics (Harpole and Hallenbeck, 1996). 
Parameters Quantity 
Producing Depth (Feet) 4400 
Reservoir Temperature (ºF) 101 
Original Reservoir Pressure (psia) 1613 
Average Porosity (%) 11.7 
Average Permeability (md) 11 
Average Net Pay (Feet) 71 
Oil Gravity (˚API) 38 
Original Oil FVF (RB/STB) 1.288 
Original Oil Viscosity (cp) 1.0 
Initial Solution GOR (SCF/STB) 465 
14 
 An extensive description of the San Andres reservoir and fluid characteristics is shown in 
Table 3. This description is based on extensive log and core analysis performed prior to 
unitization (Brownlee and Sugg, 1987). These data were used in the building of the initial static 
model.  
Table 3: EVGSAU Additional Reservoir and Fluid Characteristics, and Recoveries  
(Brownlee and Sugg, 1987). 
Parameters Quantity/Kind 
Type Formation Dolomite 
Average Permeability, MD. 11.0 
Area, Acres 7025 
Connate Water Saturation, % 15.9 
Original Gas Cap No 
Original Oil in Place (OOIP), MMBO 297 
Forecasted Recoveries  
Primary Recovery 78.0 MMBO 25% OOIP 
Secondary Recovery 40.8 MMBO 15% OOIP 
Tertiary Recovery 20.7 MMBO *8% OOIP 
TOTAL 139.5 MMBO 47% OOIP 
*Of CO2 Project Area Only 
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3. Methane and Carbon Dioxide Injection  
3.1. Methane Injection 
Methane (CH4) injection is one of the effective methods to enhance oil recovery from the 
reservoir. CH4 and crude oil are partially soluble in one another. At conditions typically 
encountered in the reservoir, however, they do not mix in all proportions and two phases exist. 
The proposed displacement of crude oil by CH4 at the reservoir conditions of 150ºF and 2,000 
psi, would be mainly an immiscible flood (Green and Willhite, 1998).  
The dissolution of some CH4 in oil reduces the oil viscosity and enables the oil to flow 
easily. At the conditions in this model, with a depth of approximately 4,400 feet, an original 
reservoir temperature and pressure of 101ºF, and 1,613 psia respectively, CH4 and crude oil are 
partially soluble and two-phases exist. The primary recovery mechanisms are pressure 
maintenance and displacement, with a smaller contribution by viscosity reduction.  
 
3.2. Carbon Dioxide Injection 
When carbon dioxide (CO2) is injected into the reservoir, it mostly dissolves in oil and 
water, but the displacement of crude oil by CO2 at these reservoir conditions would be a miscible 
flood. At depths greater than 2,500 feet, CO2 is completely soluble in crude oil. The primary 
recovery mechanisms are oil viscosity reduction and displacement. 
In a CO2 flood, a volume of relatively pure CO2 is injected to mobilize and displace 
residual oil. Through multiple contacts between the CO2 and oil phase, intermediate-and higher-
molecular-weight hydrocarbons are extracted into the CO2-rich phase. With sufficient pressure, 
typically at depths greater than 2,500 feet, this CO2-rich phase will reach a composition that is 
miscible with the original reservoir oil. However, a part of it may exist in the free gas phase or 
super-critical phase (Tian et al., 2008). 
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Under ideal conditions, this miscibility condition is reached quickly in the reservoir and 
the distance required to establish miscibility initially is negligible compared with the distance 
between wells.  
Some challenges with CO2 floods include viscous fingering and overriding of the 
hydrocarbons. The viscosity of CO2 at injection conditions is small, about 0.06 to 0.10 cp, 
depending on the reservoir temperature and pressure. Oil and water are therefore displaced by 
CO2 under unfavorable-mobility-ratio conditions in most cases, which leads to viscous fingering 
of the CO2 through the oil phase and also to poor macroscopic displacement efficiency. 
CO2 in the gas phase is lighter than oil, hence it tends to move to the top of the formation 
and to override the displaced fluids. In some cases, this gravity effect is exploited by flooding 
from the top of the reservoir and displacing fluids down-dip, but this can be done only where the 
reservoir structure is suitable (Green and Willhite, 1998). 
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4. Methodology and Results 
4.1 Building a Static Model 
A base case static model was built using Petrel E&P Software, using available well data 
from EVGSAU (obtained from the New Mexico Oil Conservation Division). The base case static 
model is 25,000 feet long, 12,250 feet wide, and 71 feet thick, and the reservoir is set at a depth 
of 4,400 feet below sea level. The model consists of two wells: P2 and I1 modeled from two 
wells in the field, as shown in Figure 11 below.  
 Figure 11: EVGSAU Base Case Static Model. 
   
In the cases where CO2 or CH4 are injected, the well I1 in the base case static model was 
converted to the injection well. 
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4.2 Dynamic Simulations 
4.2.1. History Matching of the Model 
 History matching of the model began with injector well I1 (API 30-025-08546). This well 
had first been a producer, and produced for two (2) years prior to shut-in and used as an injector. 
 The early production data for the injector well I1, obtained from the New Mexico Oil 
Conservation Division (NMOCD) was considered a reference point to understand the typical 
behavior of wells in this reservoir. This well performed poorly, that may be why it was chosen to 
become an injector.  
      The first attempt was done using an oil production rate control at 32 STB/day, based on 
production data. This run was named “Simulated Production”. It was compared to the actual 
production and to a best-fit regression line through this historical data. However, the match result 
was too low. Next, the “Simulated Production 2” case was run by using the bottom hole pressure 
(BHP) control at 500 psi, and the match result was better than the “Simulated Production” result, 
but it was higher than the trendline of the “Historical Production” data.  
 Finally, the “Simulated Production 3” was run also by adjusting the BHP control to 1,000 
psi, and the match result was the best (see Figure 12). 
19 
 
Figure 12: Injector Well I1 History Matching. 
 
Table 4 shows the history-matching summary of the injector well I1. 
Table 4: Summary of the Injector Well I1 History Matching. 
Parameters Adjustments 
Oil Production Rate Set at 32 STB/day in the first case.  
Bottom Hole Pressure (BHP) Rate control removed, BHP set to 500 psi in the 
second case, then to 1,000 psi in the third case. 
 
The history matching for the producer well P2 (API 30-025-26226), the well that 
remained a producer both historically and in this simulation, was done next. It was also matched 
over those first two years, and the first attempt used the BHP control of 1,000 psi. This case 
“Simulated Production” was run, but the match result was too low.  
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The next simulation named “Simulated Production 2” was with a BHP of 50 psi, and a 
negative skin effect of minus one (-1) was added to simulate wellbore stimulation. However, the 
result was still low compared to the historical data.  
Finally, the third simulation named “Simulated Production 3” was run by adjusting the 
permeabilities in the X and Y direction to 100 millidarcies, and the permeability in the Z 
direction to 10 millidarcies to allow more flow into the wellbore, and the match result was the 
best.   
The different graphed simulations along with historical production data are shown in 
Figure 13. With this final model, the different prediction scenarios were run. The variations in 
the reservoir quality noted by Harpole and Hallenbeck, motivated changing the permeability in 
the grid-box around well P2. 
 
Figure 13: Producer Well P2 History Matching. 
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Table 5 shows the history matching summary of the producer well P2. 
Table 5: Summary of the Producer Well P2 History Matching. 
Parameters Adjustments 
Bottom Hole Pressure (BHP) First simulation used the same BHP control from 
well I1 history match (1,000 psi). Subsequent 
simulations used a BHP of 50 psi.  
Skin Second simulation used a skin factor of -1 to model a 
stimulation of the well.  
Permeability Third simulation used a grid-box around well P2 in 
which horizontal permeabilities were increased to 
100 md and vertical permeability was increased to 10 
md. 
Model Scale In the second and third simulation, the model scale 
was reduced to bring the injector and producer into 
better communication. This was applied to the rest of 
the models. 
 
4.2.2. Base Case Dynamic Simulation 
The dynamic simulations for this project was done using Eclipse 300. In the base case, 
the two production wells P2 and I1 were produced from January 1, 1993 to December 31, 2016. 
The base case oil production rate from the two production wells P2 and I1, show a steady decline 
from January 1, 1993 to December 31, 2016 (Figure 14).  
It is interesting to note the poor behavior of the production decline trend of well I1 
between the years of 1993 to 2016, maybe the poor behavior was the reason why the well was 
converted into an injector, but well P2 displayed a steady production decline throughout the 
years. Figure 19 in Appendix A shows the base case gas-oil ratio. 
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 Figure 14: EVGSAU Base Case Oil Production Rate. 
 
4.2.3. Methane Case Dynamic Simulation 
The dynamic simulations involving gas injection was done first for the CH4 case. The 
two production wells P2 and I1 began production on January 1, 1993, and later well I1 was 
converted to an injection well on January 1, 2004. The injector well I1, began injecting CH4 on 
January 1, 2004, and the simulation ended on December 31, 2016. The injection of CH4 
increased oil production to about 185 STB/d in 2016 for well P2. Figure 15 shows the results of 
the oil production rate for the CH4 case.  
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 Figure 15: EVGSAU CH4 Case Oil Production Rate. 
 
Figure 16 shows that the injected CH4 caused the oil saturation to advance towards well 
P2, thereby allowing well P2 to increase oil production. 
Figure 20 in Appendix A shows the CH4 case liquid component mole fraction, while 
Figure 25 in Appendix B shows the additional oil recovery of the CH4 case when compared to 
the CO2 case cumulative oil production. 
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 Figure 16: EVGSAU CH4 Case Oil Saturation. 
 
4.2.4. Carbon Dioxide Case Dynamic Simulation 
 Interestingly, the dynamic simulation involving CO2 injection showed less oil production 
trend from the start of injection on January 1, 2004 until 2016, when compared with the CH4 
injection. As expected, well P2 showed increasing in oil production, at the start of the CO2 
injection in 2004, and continued to increase towards the end of the simulation period in 2016. 
The injection of CO2 increased oil production to about 157 STB/d in 2016 for well P2. Figure 17 
shows the results of the oil production rate for the CO2 case. 
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Figure 17: EVGSAU CO2 Case Oil Production Rate. 
 
Similarly, Figure 18 shows the oil saturation profile for the CO2 injection. Just like the 
CH4 case, the CO2 injection in 2004 caused the oil saturation to advance towards well P2 at the 
end of the simulation period in 2016, thereby allowing well P2 to increase oil production. Figure 
18 also shows a model artifact, oil being trapped by the model boundary. 
Figure 21 in Appendix A shows the CO2 case liquid component mole fraction, while 
Figure 25 in Appendix B shows the CO2 case cumulative oil production when compared to the 
CH4 case. 
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 Figure 18: EVGSAU CO2 Case Oil Saturation. 
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5. Economics 
5.1. Development of the Economic Model 
The probabilistic economic analysis was conducted for an injector well/producer-well 
pair representing the field’s single inverted 5-spot pattern, and incorporated the injection and 
production results from the reservoir simulation of that pair. The underlying assumptions in the 
economic analysis are stated below: 
 Both wells are constructed in 1993, and in the model both wells began production at 
this time. 
 In 2004, the well I1 becomes an injector in the CH4 and CO2 cases, but remains a 
producer in the base case. 
 The simulation continues through the end of 2016. 
5.2. Economic Model Parameters 
The economic model parameters used in the economic analysis are listed in Table 6 and 
further explained here. A 95% CH4 and CO2 stream delivered at 2,000 psig at a cost of $4.00 per 
MCF for CH4 and $1.58 per MCF CO2 was estimated. 
Table 6: Economic Model Parameters (Hernandez et al., 2006). 
Parameters Value Units 
Federal Tax Rate 35             % 
Discount Rate 10                           % 
Gas Price 4.00 $/MCF CH4 
Carbon Market Price 1.58 $/MCF CO2 
New Mexico Severance Tax Rate 3.75             % 
 
5.3. Net Present Value (NPV) Analysis 
 In an enhanced oil recovery project, an economic analysis is typically performed in order 
to determine under what economic conditions an enhanced oil recovery method is profitable. 
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Results from this simulation were used to perform an economic analysis for the two injection 
cases using the Net Present Value (NPV) in Equation 1.                                                                                     
            
           Equation 1 
 
Where t is the time of the cash flow, i is the discount rate, N is the total number of 
periods, and Rt is the net cash flow i.e. cash inflow – cash outflow, at time t.  
*Therefore, NPV = Present Value (Income) – Present Value (Costs). 
 
5.4. Economic Analysis of the Three Cases 
 The CH4 case injected a total of about 377,000 MSCF of methane at a cost of $4.00 per 
MCF, while the CO2 case injected a total of about 387,000 MSCF of carbon dioxide at a cost of 
$1.58 per MCF. The economics were run at a 10% discount rate and at oil prices of $40/bbl, 
$50/bbl, and $60/bbl. Table 7 shows the results of the economic analysis, while Table 8 shows 
the results of the economic breakdown (NPV). 
Table 7: Economic Analysis of the Three Cases. 
 
Parameters 
  
Total Oil 
Produced, STB 
Total Gas Injected, 
MSCF (CH4) 
Total Gas Injected, 
MSCF (CO2) 
Base Case  506,713 - - 
CH4 Case  953,306 377,000 - 
CO2 Case 779,206 - 387,000 
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Table 8: Economic Breakdown on the Three Cases. 
 
Oil Price ($/bbl) 
40.00 50.00 60.00 
Base 
Case  
NPV @ 
10% $10,388,000 $12,985,000 $15,581,000 
CH4 
Case  
NPV @ 
10% $18,035,000 $22,920,000 $27,806,000 
CO2 
Case 
NPV @ 
10% $15,362,000 $19,356,000 $23,349,000 
 
 
 The CH4 case showed the highest increase in oil production and was profitable despite 
the higher cost per MCF at the range of oil prices, when compared to the CO2 case.  
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6. Conclusion 
In this model, the methane (CH4) case proved to be a promising choice based on the 
current oil price when compared with the carbon dioxide (CO2) case. The NPV calculations were 
higher for the CH4 case at an oil price of $50/bbl, which is close to the current oil price. The CH4 
case was economical despite the higher cost per MCF and showed a higher increase in oil 
production to about 953,306 STB when compared to the 779,206 STB for the CO2 case at the 
range of oil prices. However, this simulation only modeled the injection of CO2, instead of the 
customary WAG (Water Alternating Gas) type of CO2 flood. Adding the water slugs prevents 
gravity override and creates more contact time between the CO2 and the oil. This type of flood, 
as used in the field, may outperform the CH4 injection.  
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7. Limitations of the Study 
This project is primarily a feasibility study of the potential for the methane (CH4) 
injection method based on the properties of the EVGSAU field. The limitations of this study 
include: 
 A simple reservoir model based on average properties. 
 A single-well-pair instead of a full model of all the wells in a section of the 
EVGSAU. 
 The comparison of the CH4 flood to a pure CO2 flood where the field used a 
WAG flood. 
 A very preliminary analysis of the produced fluids that didn’t include 
breakthrough or the increase in the amount of lighter hydrocarbons produced 
 A simplified economic analysis modeling the cost of the injector well by the lost 
production. 
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8. Future Work 
 To produce a more accurate recommendation for this field, more information such as: 
wire-line logs, core samples, relative permeabilities, water saturations, and other vital petro-
physical and geologic data should be used to develop a more robust model. 
  In addition, a full model of all production and injection wells and their history within the 
EVGSAU oil field, including the WAG floods, should be used to predict future oil production 
under different enhanced oil recovery strategies.  
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10. Appendix A  
Table 9: EVGSAU Production Summary. 
 (Source: https://www.drillingedge.com/new-mexico/lea-county/leases/east-vacuum-gsa-unit/31172). 
Parameters Quantity 
Wells on file 50 
MCF of Gas Produced in October 2016 89,852 
MCF of Gas Produced in December 2016 675,266 
Total MCF of Gas Produced 261,164,450 
Barrels of Oil Produced in October 2016 19,954 
Barrels of Oil Produced in December 2016 95,649 
Total Barrels of Oil Produced 154,653,491 
Number of Active Wells 43 
Number of Plugged Wells 6 
Abandoned Wells (Temporary Abandonment) 1 
 
 Figure 19: EVGSAU Base Case Gas-Oil Ratio. 
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 Figure 20: EVGSAU CH4 Case Liquid Component Mole Fraction. 
 Figure 21: EVGSAU CO2 Case Liquid Component Mole Fraction. 
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11. Appendix B  
 
Figure 22: EVGSAU Field Development Timeline (Moffitt et al., 2015). 
 
 Figure 23: Base Case Cumulative Oil Production. 
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 Figure 24: Well P2 Oil Production Rate for the Three Cases. 
 Figure 25: CH4 and CO2 Case Cumulative Oil Production. 
 
